AD-A143 324 TEST PROCEDURES AND DESIGN METHODS FOR RELIABLE LARGE 1/1
ﬂLE INTEGRﬁTED"Eéng) gOHﬁ UNIY IOIIﬁGCITV DIV OF
UNCLRSSIFIED RFOSR-TR-O4-.555 RFOSR-78-39 82 F/G6 972 NL




o
EEE

rFEERE

£
£
Fe

I
I

2 s

EEEE

=
‘MN
o

==
(=]

50

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A

‘9 9" oy

7T %

'@

®

e MM el




DTIC FILE COPY

KFOSR-TR- 4 .0555 /3

f
-

Final Technical Report
of

AFOSR Grant No. AFOSR-78-3582p
Test Procedures and Design Methods for Reliable Large Scale

Integrated Circuits and Systems v -

Submitted by

AD-A143 324

Sudhakar M. Reddy
Division of Information Engineering
University of Iowa

Iowa City, Iowa 52242

\110““' ey
.

Januvary, 1984 Approvedfc : C iy ite
distrilutic o

84 07 24 047 -

= - ittt s sdednisntadesensnenesestaisedea ittt amittisisad st dmishdendany




P . e " - ———— ey

N

_ UNCLASS.T_-_' ep Y L.
SECURITY CLASS' js CATION OF THIS PAGE

REPORT DOCUMENTATION PAGE

1a REPOMT SECURITY CLASSIFICATION 6. RESTRICTIVE MARKINGS
UNCLASS:TIED

28 SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION/AVAILABILITY OF REPORT

Approved for public release; distribu-zion
F 2n. DECLASSIFICATION/DOWNGRADING SCHEDULE unlimited.
. 4. PERFORAMING ORGANIZATION AEPORT NUMBER(S) 5. Mox?bg‘koaeAmzn.on REPORT NUMBER(S)
TR- 84_0+x 55
6a. NAME OF PERFORMING ORGANIZATION b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION

University of Iowa (If applicable) . s . cre -
y ol Air Force Office c¢f Scien-ific Feuecarch

6c. ADDRESS (City. State and ZIP Code) ] 7. ADDRESS (City, State and ZIP Code)
Department of Electrical and Computer Directorate of lathematical & Information

Engineering, Iowa City IA 52242 Sciences, Bolling AFB DC 20332

8s. NAME OF FUNDING/SPONSCORING 8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER

4 YITYE ilnninde Serurnity (Classtfication)

TEST PROCEDURES AND DESIGN METHODS FOR RELIABLE LARGE SCALE INIkUKAiL
CIBCUITS AND SYSTEMS

FMOUNMAL AUt MUMS; PR

Sudhakar M. Reddy

ORGANIZATION . (11 applicable)
ATQOSR NHM AFCSR-78-3582
8c. ADDRESS (City, State and ZIFP Code) 10. SOURCE OF FUNDING NOS. )
PROGRAM PROJECT TASK WORK UNIT
b= ll-ng AFB DC 20332 ELEMENT NO. NO. NO. NO
61102t 2304 AG

I:J.. TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Yr, Mo, Day/ 15. PAGE COUNT

Final FROM _1/9/82 71031/8/83 JAN 84 6

I1s SUPPLEMENTARY NOTATION

17 COSATI CODES 18. SUBJECT TERMS rContinue on reverse if necessar and identify &y dbiock number/
FIELD ! GROUWP ! SUE C9.

19 ABLT=. T Cuntinue un reversc (f necessary and identify by block nuis -

The following four major problem areas were investigated in the course of the rescarch
supported: (1) procedures to detect faults in random access memories; (2) analysis an'l
design of Tault-tolerant computing networks; (3) design of testable microprocessors and

iterative logic ‘érrays; and (4) design and analysis of fault-tolerant conncction networis

2C T TRIBUTION avAaiLABILITY OF ABCTRACT 21 ABSTRACT SECURITY CiLAas: CRTION

Uheom531EED UnLIMITED (& same As ReT T pYic usenrs O CHCLASGIFIED

225 NAME OF RESPONSIBLE INDIVIDUAL 221 TELEPHONE NUMBER K CHITE SYMBUL
- tnciude Vrva Coded

CPT Brian V. Woodruff TG7= 5027

I FOR ..,,83AP§ 84 rovo"24 ﬁ S e




>y

1. Summary of Results Obtained:

The following four major problem areas were investigated in the

course of the research supported:

(1)
(ii)
(iii)

and (iv)

procedures to detect faults in random access memories
analysis and design of fault-tolerant computing networks
design of testable microprocessors and iterative logic arrays

design and analysis of fault-tolerant connection networks.

The results derived have all been presented in major technical

publications and conference proceedings. Summaries of the results obtained

are given below:

(1)

(ii)

(ii1)

Random Access Memory Faults: Optimal procedures to detect

functional and a class of pattern sensitive faults have been
derived [1-4, al*. The procedures allow the detection of most
probable faults in static and dynamic random access memories

Computing Networks: A model for distributed fault-diagnosis

and fault tolerance was proposed [8]. Various methods to analyze
and design fault-tolerant distributed computing networks and
methods for recovery in the presence of faults were

studied (8, 10, 12, 13, 15, 18, 19, 21, 22, 24].

Testable Microprocessors: A method to design testable micro-

processors, which involved the design of address bus as a

bidirectional bus proposed and analyzed [17, 25]. Methods to

derive testable iterative logic arrays were studied [5, 16].

Y

The results in this latter area are applicable to the design of

bit sliced machines.

*References are given in the publications section.

. b .




(iv)

v

Connection networks: Connection networks are used for high

bandwidth connections between processors or processors and
memories. Methods to analyze and design fault-tolerant connec-
tion networks were investigated [7, 55].

Problems in fault diagnosis: Several problems in fault diagnosis

in general logic networks were investigated [6, 20, 23]. The
most important result was the observation that transistor
stuck-open faults in CMOS logic networks pose difficulties in
designing tests to detect them due to circuit delays [23].
Methods to design CMOS Logic circuits that are testable in the

presence of arbitrary circuit delays were proposed [23].
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